Altered expression of central muscarinic and nicotinic acetylcholine receptors in hippocampal and cortical regions may contribute to the cognitive impairment exhibited in patients with schizophrenia. Increasing cholinergic activity through the use of a cholinesterase inhibitor (ChEI) therefore represents a possible strategy for cognitive augmentation in schizophrenia. We examined the efficacy and safety of the ChEI donepezil as cotreatment for mild to moderate cognitive impairment in schizophrenia or schizoaffective disorder in a prospective, 12-week, placebo-controlled, double-blind, parallel-group study. In total, 250 patients (18-55 years) with schizophrenia or schizoaffective disorder who were clinically stabilized on risperidone, olanzapine, quetiapine, ziprasidone, or aripiprazole, alone or in combination, were enrolled at 38 outpatient psychiatric clinics in the United States. Patients were randomized to donepezil 5 mg q.d. for 6 weeks then 10 mg q.d. for 6 weeks, or placebo administered as oral tablets. The primary outcome measure was the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) neurocognitive battery composite score. In the intent-to-treat sample (donepezil, n ¼ 121; placebo, n ¼ 124), both treatments showed improvement in the composite score from baseline to week 12. At week 12, cognitive improvement with donepezil was similar to that with placebo (last-observation-carried-forward effect size, 0.277 vs 0.411; p ¼ 0.1182) and statistically significantly inferior for the observed-cases analysis (0.257 vs 0.450; p ¼ 0.044). There was statistically significant improvement in the Positive and Negative Syndrome Assessment Scale negative symptoms score for placebo compared with donepezil, while total and positive symptom scores were similar between both treatments. Statistically significant improvements in positive symptoms score and Clinical Global Impression-Improvement for donepezil compared with placebo were noted at Week 6. Treatment-emergent adverse events (AEs) were observed for 54.5% of donepezil-and 61.3% of placebo-treated patients; most AEs were rated as mild to moderate in severity. Donepezil was safe and well-tolerated but was not effective compared with placebo as a cotreatment for the improvement of cognitive impairment in this patient population. A significant and surprisingly large placebo/practice effect was observed among placebotreated patients, and is a serious consideration in future clinical trial study designs for potential cognitive enhancing compounds in schizophrenia.
INTRODUCTION
Schizophrenia and schizoaffective disorders are characterized by a diverse array of symptoms, including positive symptoms, negative symptoms, mood disturbances, and cognitive dysfunction (American Psychiatric Association, 1994) . Cognitive impairment often accompanies (Saykin et al, 1994) or precedes (Fuller et al, 2002; Hawkins et al, 2004 ) the onset of psychosis, and remains throughout the course of illness (Green and Braff, 2001; Heinrichs and Zakzanis, 1998; Bilder et al, 2000) . The range of cognitive impairments is diverse and can include impairment of verbal memory, attention, general intelligence, spatial ability, and executive function. Cognitive impairment has considerable detrimental effects on the social and vocational outcomes of schizophrenia patients, with the severity of impairment being closely related to the severity of community and work disability (Green, 1996; Green et al, 2004) . To date, studies with first-and second-generation antipsychotic drugs have been unable to demonstrate consistently marked effects on cognitive function in schizophrenic patients (Harvey and Keefe, 2001; Keefe et al, 1999 Keefe et al, , 2007 Woodward et al, 2005) , resulting in an increased emphasis on testing other agents for efficacy in cognitive enhancement.
Acetylcholine (ACh) plays a key role in working memory and reference memory. Disruption of the septo-hippocampal and nucleus basalis of Meynart-cortical cholinergic projection pathways in animal models produce memory deficits that can be reversed by cholinergic supplementation strategies (eg physostigmine administration (Mandel et al, 1989) or ACh-producing cell grafts at the lesion site (Winkler et al, 1995) . Memory impairment can be induced in healthy human subjects with scopolamine, while cholinomimetics drugs can enhance memory in healthy individuals (Sitaram et al, 1978) . A major cholinergic deficit is now a well-established contributor to the symptomatology of Alzheimer's disease (AD), a condition primarily characterized by memory loss and cognitive dysfunction.
Although the gross neuropathology of the cholinergic system observed in AD is not exhibited in the brains of patients with schizophrenia, alterations in central cholinergic function have been described. The activity of choline acetyltransferase, a biomarker of cholinergic neuronal function, in the parietal cortex of patients with schizophrenia at postmortem negatively correlated with the severity of cognitive impairment scored by the Clinical Dementia Rating Scale during antemortem assessments (Powchik et al, 1998) .
Alterations in the density and expression of ACh receptors in the brains of patients with schizophrenia has been demonstrated with quantitative autoradiography. The binding density of [
3 H]pirenzepine, a radioligand selective for the M 1 and M 4 muscarinic receptor subtypes, is reduced in postmortem cortical tissue and several areas of the hippocampal formation (dentate gyrus, CA1-CA4 subdivisions of Ammon's Horn, subiculum and parahippocampal gyrus) of patients with schizophrenia compared to control subjects (Crook et al, 2000 (Crook et al, , 2001 . A significantly lower level of [ 3 H]pirenzepine binding was found in cortical areas corresponding to Brodmann's areas 9 and 46 in the tissue from unmedicated patients compared with controls and in Brodmann's areas 8, 9, 10, and 46 in medicated patients compared with unmediated counterparts (Crook et al, 2001) . Decreases in muscarinic receptor availability has been further shown in the cortex, basal ganglia, and thalamus of living unmedicated patients compared with a matched control group, using [ 123 I]iodoquinuclidinyl benzilate single positron emission computed tomography (Raedler et al, 2003) . Decreased binding of a-bungarotoxin (Freedman et al, 1995) or decreased immunoreactivity to a(7) nicotinic acetylcholine receptors (nAChR) (Guan et al, 1999) in postmortem hippocampal and cortical tissue from patients with schizophrenia in comparison to matched controls also implicate this receptor subtype in the neuropathophysiology of schizophrenia. Studies in smokers with and without schizophrenia have further indicated a role for the a(4)b(2) nAChR. Whereas this receptor subtype was upregulated in the cortex, hippocampus, and caudate in smokers without schizophrenia its levels were reduced in patients with schizophrenia who smoke (Breese et al, 2000) .
Thus, cholinergic enhancement strategies may well prove to be useful in the treatment of cognitive dysfunction in patients with schizophrenia. Currently available treatments with potential to enhance cognitive function in these patients include cholinesterase inhibitors (ChEIs; including donepezil, rivastigmine, and galantamine), muscarinic and nicotinic agonists, and allosteric potentiators of nicotinic function (Friedman, 2004) .
The ChEI donepezil is approved for the treatment of mild to severe AD at doses of upto 10 mg/day (Aricept, Eisai Inc. (donepezil hydrochloride tablets), package insert, Teaneck, NJ, USA). Double-blind, randomized, placebo-controlled clinical studies have consistently demonstrated that donepezil (5 or 10 mg/day) provides significant improvement in cognition and global function in AD patients (Rogers et al, 1998a, b; Burns et al, 1999; Winblad et al, 2001; Whitehead et al, 2004) . The substantial need for cognitive improvement in patients with schizophrenia raises the question of whether donepezil might be able to provide benefit.
Although various pilot studies have evaluated donepezil as an adjunct to commonly prescribed antipsychotic medications in schizophrenic patients, the results have proved inconclusive. While two case studies and a small, open-label study revealed some cognitive improvement with donepezil treatment (Buchanan et al, 2003; MacEwan et al, 2001; Risch et al, 2001) , four double-blind, placebocontrolled trials did not (Freudenreich et al, 2005; Friedman et al, 2002; Tugal et al, 2004; Fagerlund et al, 2007) . It is likely that the latter trials were not sufficiently powered to detect a treatment effect on cognition, since no study enrolled more than 36 patients.
The present study evaluated the efficacy and safety of donepezil as a cotreatment for cognitive impairment in schizophrenia or schizoaffective disorder patients stabilized with selected second-generation antipsychotic medications. This study is the first large-scale, double-blind, placebocontrolled study of an ChEI in patients with schizophrenia/ schizoaffective disorder to use a comprehensive neurocognitive battery to evaluate cognitive improvement in patients with stable symptoms and mild to moderate illness.
METHODS

Participants
Male or female patients between 18 and 55 years of age with a primary diagnosis of schizophrenia or schizoaffective disorder (any subtype, as defined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV)) (American Psychiatric Association, 1994) were eligible for study enrollment. Patients were required to be clinically stable (no psychiatric hospitalization for at least 6 months before screening, and clinical symptoms documented as stable for at least 3 months before screening), and to have complied with and tolerated a current dose regimen of a selected second-generation antipsychotic medication (risperidone, olanzapine, quetiapine, ziprasidone, or aripiprazole, alone or in combination) for a minimum of 3 months before joining the study.
To be eligible for study enrollment, patients were required to be no more than moderately ill (determined by the physician as a score of p4 on the Clinical Global Impression-Severity (CGI-S)), to have a Positive and Negative Syndrome Assessment Scale (PANSS) total score p80, to have cognitive impairment (indicated by a z-score between À0.5 and À2.5 SD inclusive on the Brief Assessment of Cognition in Schizophrenia (BACS) composite score), and to have a minimum of a sixth-grade reading level (as measured by the Wide Range Achievement Test Reading Subtest (WRAT-3 Reading)). Patients were required to have no history of DSM-IV-defined substance abuse or dependence (other than nicotine dependence) for at least 1 year before screening and to provide a negative urine drug screen for amphetamines, cocaine, opioids, and phencyclidine before study enrollment.
Patients were excluded from study entry if they met any of the following criteria: diagnosis of any DSM-IV Axis I psychiatric disorder other than schizophrenia or schizoaffective disorder; risk of suicide, violent behavior, or homicide; hypersensitivity to a piperidine derivative or ChEI; prior use of an approved or unapproved ChEIs (donepezil, galantamine, metrifonate, physostigmine, rivastigmine, or tacrine); a history of seizure disorder or cognitive deficit following head trauma; and current use of typical antipsychotics, anticholinergic medications, or antiparkinsonian agents.
In addition, patients were excluded if they had significant co-morbidity, including any condition liable to affect absorption, distribution, or metabolism of the study medication; clinically significant obstructive pulmonary disease or asthma untreated for 43 months; recent (p2 years) hematologic/oncologic disorders; clinically significant gastrointestinal, renal, hepatic, endocrine, or cardiovascular disease; unstable hyperthyroidism; diabetes mellitus not adequately controlled by diet or oral medication; and chronic hepatitis. Patients who were HIV positive or had a history of, or presented with, QTc prolongation were also excluded. Female patients who were pregnant, not using an acceptable form of contraception, or breastfeeding were excluded from study entry.
Written, informed consent was obtained from each patient. The study was carried out in accordance with the Declaration of Helsinki (World Medical Association declaration of Helsinki, 1997) and its amendments or the laws and regulations of the locality in which the research was conducted, whichever afforded the greater protection to the individual. The study protocol, any study modifications, and consent procedures were approved by the Institutional Review Board, operating in accordance with current federal regulations.
Study Design
This was a 12-week, randomized, double-blind, placebocontrolled, multicenter study with two parallel groups. A total of 250 patients were enrolled at 38 outpatient psychiatric clinics in the United States. Patients participated in six scheduled visits during the course of 12 weeks: screening (days 28À7), baseline (day 1), week 3 (day 2173), week 6 (day 4273), week 9 (day 6373), and week 12 (day 8473 or early termination). Primary and secondary assessments were administered at baseline, 6 and 12 weeks after initiation of treatment.
Preclinical and clinical procedures included informed consent, a medical history, complete physical examination (including vital signs), and a 12-lead electrocardiogram.
The primary efficacy measure was a composite score derived from the individual test scores from the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) neurocognitive battery (Keefe et al, 2003 (Keefe et al, , 2006 . Cognitive tests that comprise the CATIE battery include: Controlled Oral Word Association Test (COWAT letter fluency) (Benton and Hamsher, 1989) ; Category Instances (semantic fluency) (Benton and Hamsher, 1989 ); Wechsler Intelligence Scale for Children-Third Edition (WISC-III) Mazes (Wechsler, 1991) ; Hopkins Verbal Learning Test (HVLT) (Brandt, 1991) ; Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit Symbol Test (Wechsler, 1981) ; letter-number test of auditory working memory (Gold et al, 1997) ; grooved pegboard (Matthews and Klove, 1964) ; computerized Continuous Performance Test (CPT) (Cornblatt et al, 1988 (Cornblatt et al, , 1997 ; computerized Test of Visuospatial Working Memory Test (VWMT) (Hershey et al, 1998) ; and computerized Wisconsin Card Sorting Test (WCST64) (Heaton et al, 1993) .
Secondary psychometric and neurologic examinations included CGI-S, CGI-Improvement (CGI-I) (US Department of Health, 1976a); PANSS (Kay et al, 1987) ; MontgomeryAsberg Depression Rating Scale (MADRS) (Montgomery and Asberg, 1979) , Abnormal Involuntary Movement Scale (AIMS) (US Department of Health, 1976b), Simpson Angus Scale (SAS) (Simpson and Angus, 1970) ; Barnes Akathisia Scale (BAS) (Barnes, 1989) , Patient Perception of Function Scale (PPFS) (MacEwan et al, 2001) , and Role Functioning Scale (RFS) (McPheeters, 1984) .
Clinical laboratory evaluations included hematology, clinical chemistry, thyroid profile, routine urinalysis, urine drug screen, hepatitis B surface antigen, glycosylated hemoglobin A1c, plasma assays for antipsychotic medications, and pregnancy test.
Safety, tolerability, and compliance evaluations included all medication use, adverse events (AEs), study drug dispensing, and medication compliance. AEs were coded to standard preferred terms using a Pfizer-modified form of the Coding Symbols for Thesaurus of Adverse Reaction Terms (COSTART) dictionary (fourth edition, 1993) (Department of Health and Human Services, 1993). AEs were assessed for severity (mild, moderate, or severe) and relationship to study drug (related or not related).
Treatments
Study drug was initiated on day 1 immediately following baseline evaluation. Study drugs, provided as film-coated tablet by Eisai Inc., were supplied in packaging that blinded the patient and investigator to the treatment administered. Patients were randomized to receive either donepezil 5 mg q.d. (one donepezil 5-mg tablet and one matching placebo tablet) for 6 weeks followed by donepezil 10 mg q.d. (two donepezil tablets, 5 mg each) for a further 6 weeks, or placebo (two placebo tablets) for 12 weeks. If the patient was unable to tolerate an increase in the dose of donepezil or placebo, the dose was temporarily reduced to 5 mg q.d. and the patient was rechallenged with 10 mg q.d. after 7-10 days. Patients who were unable to tolerate the rechallenge were allowed to continue in the study on 5 mg q.d.
Compliance with study treatment was monitored at each study visit by checking tablets returned from the previous treatment period. Compliance rate was defined as 100 multiplied by the number of tablets taken during a time interval/number prescribed during the interval. An overall compliance rate was calculated based on the total number of tablets taken during the subject's treatment period. Compliance was also calculated for study periods baselineFweek 6 and week 7-12. If the date of dosing was on or before day 42, compliance statistics were slotted into week 1-6. If the date of dosing was after day 42 then dosing statistics were slotted into weeks 7-12. Compliance of o80% made the visit nonevaluable. Following two nonevaluable visits, a patient was discontinued for noncompliance.
Throughout the study period patients continued to receive the second-generation antipsychotic medication in use at study entry. The use of adjunctive anticholinergic medication for emergent extrapyramidal symptoms following study entry was not permitted. Patients on stable doses of selected antidepressants and antiepileptics were permitted. Anxiolytics were excluded. Sedative hypnotics were limited to a maximum of 3 days use in any 2-week period; in addition, these medications were not to be taken within 48 h of testing. Nicotine dependence was permitted.
Statistical Analysis
The planned sample size for this study was 100 randomized patients per treatment group, with each patient contributing at least 1 baseline and 1 post-randomization CATIE neuropsychological battery assessment per treatment arm. This calculation was based on a two-sided test with a type I error rate of 5 and 80% power to show statistically significant differences between treatments (assuming a between treatments effect size of 0.4 in the CATIE composite score). An assumed patient dropout rate of 20% led to a randomization target of 125 patients per treatment group.
Patients were stratified before randomization according to the type of antipsychotic used before screening (risperidone, olanzapine, quetiapine, ziprasidone, or other agent (including aripiprazole)), and length of illness (less than or greater than 5 years of illness). Within each stratum, patients were randomized 1 : 1 to the donepezil or placebo treatment arms according to a computerized randomization schedule.
Efficacy outcomes were evaluated for two samples: the intent-to-treat (ITT) sample (all patients who received at least one dose of study drug, had a baseline visit, and had at least one efficacy evaluation after the start of treatment irrespective of compliance), and the fully evaluable sample (all ITT patients who met all inclusion and exclusion criteria and had a study drug compliance rate of X80%). All efficacy outcomes were analyzed using OC analysis at the time points specified and week 12 last observation carried forward (LOCF). The safety sample included all patients who had received at least one dose of study drug.
The primary efficacy analysis was based on the change from baseline in the CATIE neurocognitive composite score, evaluated in the ITT sample at the last post-randomization visit (ie week 12 LOCF). The composite score is the weighted sum of the 10 individual standardized test scores, where the weights are derived from the first component from the principal components analysis of the pooled CATIE scale scores at baseline. The test scores were standardized for each patient by subtracting the baseline sample mean for that measure and dividing the difference by the baseline SD for the sample. An increase in the score demonstrated cognitive improvement. Secondary efficacy analyses included the rating scales and the 10 individual CATIE neurocognitive test scores.
Patient disposition, treatment group comparability (demographic and baseline variables, medical history, and exposure to study medication), and safety assessments were summarized using descriptive statistics. For efficacy variables, an analysis of covariance model or an analysis of variance model was used. A test result was considered significant if po0.05 for a two-sided test. No statistical tests were performed on the safety variables.
The ITT sample was subjected to additional secondary analyses that used baseline smoking status, antipsychotic medication use during the study, and baseline cognitive impairment (defined by CATIE neurocognitive composite score) as independent variables. None of these secondary analyses were corrected for multiple comparisons.
The association between change in cognition and change in relevant clinical factors such as positive symptoms and negative symptoms as measured by the PANSS was determined with Pearson correlations.
RESULTS
Patient Disposition
The first patient visit took place in December 2002 and the last patient visit in July 2004. Out of 418 patients screened at 38 sites throughout the United States, 251 patients (donepezil, 124; placebo, 127) were randomized to treatment (Figure 1 ). Of the 245 (donepezil, 121; placebo, 124) patients who received treatment, 98 (81.0%) donepezil-and 97 (78.2%) placebo-treated patients completed the study.
The primary efficacy variable was analyzed for 111 donepezil-and 115 placebo-treated patients. Protocol violation was recorded for one (0.8%; failed to meet inclusion criteria) patient in the donepezil group and five (4.0%; prohibited medication or comedication) patients in the placebo group.
Patient Characteristics at Baseline
The study drug exposure profile of the safety sample was similar for the donepezil and placebo groups. The mean duration of treatment was 73.7 day (range: 1-94 day) for donepezil (n ¼ 121) and 74.0 day (1-92 day) for placebo (n ¼ 124). The mean average daily dose of donepezil was 6.9 mg/day (3.8-8.2 mg/day) and of placebo was 9.1 mg/day (3.3-10.1 mg/day); the mean maximum daily doses of donepezil and placebo were 9.6 mg/day (range: 5-20 mg/ day) and 9.8 mg/day (range: 5-20 mg/day), respectively. The overall compliance rate was 97.8% for donepezil and 97.4% for placebo.
The treatment groups were similar with regard to demographic characteristics of the safety sample at baseline (Table 1) . Approximately 70% of patients in each group were men. The mean age of patients was approximately 40 years, and there were no patients aged p18 or X56 years in either treatment group.
71.1% of donepezil-and 76.6% of placebo-treated patients had a primary diagnosis of schizophrenia (the remaining patients were diagnosed with schizoaffective disorder). The duration of illness since first diagnosis was similar for both treatment groups.
CATIE neurocognitive composite, CGI-S, BACS, WRAT-R, and PANSS total scores at baseline were similar for both treatment groups (Table 1 ). Significant differences between treatment groups in the PPFS and RFS scores were observed at baseline (PPFS, p ¼ 0.0292; RFS, p ¼ 0.0178), indicating greater role function and less perception of functional deficit among placebo-treated patients. The overall sample performed slightly (between 0.1 and 0.4 SD) better than the CATIE sample (Keefe et al, 2006) on all tests.
For the safety sample, the most commonly used prior medications were antidepressants (donepezil, 40.5%; placebo, 39.5%), antiepileptics (20.7 vs 20.2%), and drugs used in rheumatic diseases and gout (17.4 vs 19.4%). The medication used earlier was similar for the donepezil and placebo groups, with the exception of analgesics (6.6 vs 12.9%), diabetic drugs (5.0 vs 10.5%), gastrointestinal ulcer healing drugs (7.4 vs 17.7%), and vitamins (8.3 vs 14.5%).
Efficacy
All results shown are derived from the ITT sample. Data analyses for the fully evaluable sample generated similar trends and are not presented.
In the primary efficacy analysis, both groups of patients showed significant improvements in the CATIE composite score from baseline to week 12 ( Figure 2 and Table 2 ). For the LOCF analysis, there was no significant difference between the treatment groups. For the OC analysis, the effect-size improvement was significantly different between the treatment groups (p ¼ 0.044), indicating greater improvement in cognitive function among placebo-treated patients. This difference remained significant when PPFS and RFS were included as covariates in the primary analysis.
The CATIE neurocognitive measures of letter fluency (COWAT) and semantic fluency (category instances) each showed a significant between-group difference at week 12 LOCF that indicated greater improvement in cognition with placebo treatment (Table 2) . No significant treatment difference was observed for any of the other component measures.
There was no statistically significant difference between the treatment groups in PANSS total score LS mean change from baseline at any of the time points measured or at week 12 LOCF (Figure 3 ). For the PANSS positive symptom subscale, baseline least squares (LS) mean (7SE) was similar for donepezil (13.570.34) and placebo (13.470.33); LS mean change from baseline was similar for both treatments at all time points except for a treatment difference that favored donepezil at week 6 (donepezil, A significant treatment difference on the CGI-I scale in favor of donepezil was observed at week 6 (LS mean: donepezil, 3.5; placebo, 3.7; p ¼ 0.0157). No significant treatment difference was observed at week 12 LOCF (donepezil, 3.6; placebo, 3.8) or at any other time point. Treatments were comparable at all time points for all of the remaining secondary efficacy measures, including the RFS, MADRS, AIMS, SAS, BAS, and PPFS.
Post hoc secondary analyses evaluated the efficacy of treatments according to patient subgroups based on smoking status, antipsychotic drug use, and baseline cognitive function (CATIE composite score). No significant treatment effect was observed for the CATIE neurocognitive battery composite score for subgroups of patients who were smokers or were ex-smokers/had never smoked. When patients were categorized according to the antipsychotic drug that they received during the study, no significant treatment effect was observed using the same efficacy measurement. A subanalysis that included the upper quartile of cognitively impaired patients (ie those most cognitively intact) revealed statistically significantly greater improvement in the placebo group, in keeping with the primary analysis. For patients in the 450 to p75 percentile group, there was a trend towards greater improvement with donepezil.
An additional secondary analysis evaluated the correlation between improvement in CATIE composite score and improvement in PANSS negative symptom scale. For treatments combined, the Pearson correlation coefficients were À0.0539 at week 6 and À0.1171 at week 12, indicating no significant correlation between the two measures. No significant correlation was observed for either study treatment group.
Safety and Tolerability
The pattern of concomitant medication use during the study period was similar for patients in the donepezil and placebo groups. Eight donepezil-and six placebo-treated patients received an antimanic drug in addition to the antipsychotic study drug. The most commonly used concomitant medications were antidepressant drugs (approximately 40% of patients), antiepileptics (20%), and drugs used in rheumatic diseases and gout (17-19%).
The overall occurrence and incidence of treatmentemergent AEs in the safety population were similar between the donepezil group (54.5%) and the placebo group (61.3%; Table 3 ). Most AEs were rated as mild to moderate in severity; the frequency of severe AEs and the frequency of serious AEs (SAEs) were similar for both treatment groups. Treatment groups were also similar with regard to the frequency of dose reduction or temporary study drug discontinuation due to AEs (donepezil, three (2.5%) patients; placebo, two (1.6%) patients), and the frequency of AE-related withdrawal from the study (donepezil, 10 (8.3%); placebo, 13 (10.5%)). No patient died during the study period.
The most frequently reported AEs were headache and those affecting the digestive system and nervous system, the majority of which were rated as mild to moderate in nature (Table 3 ). The treatment groups were comparable with regard to changes in vital signs throughout the study. In general, systolic and diastolic blood pressure, heart rate, and weight remained stable and were similar for both groups from baseline to week 12.
Physical examination results were similar for both treatment groups from baseline to week 12. There was no consistent or notable trend in any ECG parameter in either group. No ECG abnormality was reported as an SAE and none led to discontinuation of a patient from the study.
Clinically significant laboratory abnormalities were generally isolated, with the exception of elevations in creatine kinase (Meltzer, 1976; Terao et al, 1999) and glucose (Gury, 2004) , which were to be expected in this population. Creatine kinase abnormalities were seen in eight (7.1%) donepezil-and seven (6.3%) placebo-treated patients, and glucose abnormalities in four (3.5%) donepezil-and nine (7.9%) placebo-treated patients. No laboratory abnormality was reported as an SAE and none led to discontinuation of a patient from the study.
DISCUSSION
This large-scale, placebo-controlled, double-blind study investigated the efficacy and tolerability of donepezil as adjunctive therapy for cognitive impairment in patients with stable schizophrenia or schizoaffective disorder. The study indicated that donepezil was safe and well tolerated, but was not effective compared with placebo as a cotreatment for the improvement of cognitive impairment in patients stabilized on selected second-generation antipsychotics.
The baseline values of CATIE composite score were consistent with the exclusion of severely cognitively impaired patients. Likewise, the baseline values of PANSS total score and the modest improvements seen in the total, positive, and negative symptom subscale scores are consistent with the enrollment of patients stabilized on antipsychotic therapy and in the residual phase of illness.
The primary efficacy data indicated that patients in both treatment groups initiated treatment with similar levels of cognitive impairment and experienced mild cognitive test performance improvement. The effect sizes of cognitive improvement (0.45 for placebo; 0.26 for donepezil) were between small and medium, close to what would be considered clinically significant. The placebo group showed statistically significantly greater improvement than the donepezil group at week 12 OC and a trend towards greater improvement at week 12 LOCF. In the context of a doubleblind study design, the degree of cognitive enhancement observed for each treatment group is a function of three variables: treatment effect, placebo effect, and practice effect. These data might suggest a substantial placebo effect and/or practice effect within the placebo group that might also be expected to factor in the response within the donepezil group. That a treatment difference in favor of placebo was observed suggests that either a lesser practice effect occurred within the donepezil group or that donepezil had a negative effect on cognitive improvement in this study population.
The magnitude of the response observed for the placebo group in this study (0.45 z-score change at week 12), approaching a 'medium' effect (Cohen, 1977) was surprising. Previous work on patients tested twice within a briefer period than the test-retest interval in this study suggests that schizophrenia patients demonstrate relatively small improvements in executive functions Nuechterlein et al, 2007) , the WAIS digit-symbol test (Nuechterlein et al, 2007) , and medium improvements on tests of verbal memory only when identical versions are repeated (Hawkins and Wexler, 1999; Keefe et al, 2004) but not on tests of verbal fluency Nuechterlein et al, 2007) . In this study, patients who received placebo improved substantially across many domains. This surprising result suggests that, possibly due to expectation bias in patients and/or testers, the magnitude of placebo effects in cognitive enhancement trials may exceed the reported size of practice-related improvements in studies of schizophrenia patients tested twice without the prospect of the initiation of a cognitive intervention. Another factor that might have contributed to the magnitude of the placebo effect is the inclusion of patients who were required, based on several criteria, to be clinically stable upon inclusion and to remain clinically stable throughout the study, with only minor antipsychotic dosage adjustments permitted. In fact, few patients experienced a psychiatric relapse during the course of this study and PANSS scores remained stable throughout. Thus, patients in this study were closely monitored with respect to their clinical status, which may have resulted in greater compliance with their antipsychotic regimen and possibly exerted a beneficial effect on cognition.
Both treatment groups showed improvement in cognition and improvement in positive and negative symptoms. Surprisingly, patients who received placebo experienced significantly greater improvement in negative symptoms. This might suggest that, despite the randomization inherent in the study design, the placebo group included an overrepresentation of patients who were liable to improve clinically and cognitively during the study period. Yet the fact that the treatment groups exhibited many similarities at baseline in demographics, clinical characteristics, and neurocognitive functioning argues against this. Furthermore, a post hoc analysis revealed no significant correlation between improvement in cognition and improvement in negative symptoms. In the context of a double-blind study design, this observation suggests that the response within the placebo group cannot be explained by overrepresentation of clinically responsive patients. It is noteworthy that placebo-treated patients scored significantly better than donepezil-treated patients on the PPFS and RFS at baseline, indicating greater role function and less perception of functional deficit among placebotreated patients. It is possible that the expectation of potential cognitive improvement upon study treatment enabled modest improvements on effort-related tests such as verbal fluency. However, when the primary efficacy analysis was re-run to include PPFS and RFS as co-variates, the statistically significant difference in cognitive improvement in favor of placebo remained, suggesting that these features cannot explain the response within the placebo group.
It seems likely, therefore, that we observed a greater practice effect within the placebo group compared to the practice effect seen in the donepezil group. Since the placebo group trended towards greater improvement on the cognitive end point, it is possible that donepezil treatment might have exerted a negative influence on cognition, as seen in diminished practice-induced learning relative to the placebo group. This speculation is based on the assumption that, in the context of a double-blind study with repeated task exposure, we would expect the same practice-induced learning effect to be equally present among both placeboand donepezil-treated patients. It is noteworthy that a diminished practice effect may also be found in patients switching from moderate doses to low doses of haloperidol or fluphenazine compared to those switching to risperidone (Harvey et al, 2000) . The present study did not employ any a priori methodological strategies to reduce the magnitude of potential practice effects, such as the use of a placebo run-in period with one or more administrations of the CATIE battery before randomization. Based on the present findings, this and other techniques should be considered in future cognitive enhancement studies in schizophrenia to reduce the magnitude of practice effects.
It is noteworthy that patients in the donepezil group received a dose of 5 mg/day up to week 6 and 10 mg/day thereafter. According to LS mean change values of the CATIE total score, cognitive improvement with donepezil was equivalent to that with placebo at week 6, but essentially remained flat in the donepezil group beyond week 6, while the placebo group continued to demonstrate improvement to week 12. Whereas the study was not designed to assess the association between donepezil dose and cognitive improvement, it is possible that the escalation to the 10 mg dose may have exerted a deleterious effect on cognition in these patients.
It is not completely clear why donepezil delays cognitive decline in patients with AD, but does not improve cognition schizophrenia. It is certainly possible that the benefit of ChEIs in AD is related to the various abnormalities of the cholinergic system found in AD but not in schizophrenia, and that procholinergic treatment will not be effective in schizophrenia. The dosing regimen chosen for this study may also be a factor in explaining the results. The donepezil dosing strategy employed in this study design was based on previous studies in AD patients, which demonstrated cognitive improvements with both 5 and 10 mg/day dosing (Rogers et al, 1998a, b; Winblad et al, 2001; Pratt et al, 2002) . Dose escalation from 5 to 10 mg/day at 4-6 weeks was included in the study design as it has been linked to a reduced incidence of cholinergic AEs in AD populations. It is possible that the dose-cognitive response curve for donepezil differs between patients with AD and those with schizophrenia. It is conceivable that donepezil achieves higher concentrations within the cholinergic systems of schizophrenic patients than within the same systems of AD patients. While studies in schizophrenic patients have overall suggested that increased cholinergic activity is associated with cognitive benefits, some studies have demonstrated a relationship between decreased acetycholinesterase activity and increased cognitive impairment (Stip et al, 2005) .
It is also worth noting that the study enrolled a group of schizophrenic patients who were chronically and moderately ill, and similar to the CATIE sample on all cognitive tests. While data were not collected on previous treatment history, it is likely given the age of the patients and duration of illness that they had previous exposure to conventional antipsychotics and anticholinergic medication and this may have influenced patients' potential to respond to treatment with a pro-cholinergic agent. It is possible that donepezil and placebo might achieve different effects on cognition in patients who have only recently begun to experience cognitive dysfunction.
In this population of stable schizophrenia/schizoaffective patients maintained on selected second-generation antipsychotics, donepezil appeared to be as safe and as welltolerated as placebo, in agreement with a previous doubleblind, placebo-controlled study in schizophrenic patients (Freudenreich et al, 2005) and studies in AD patients (Pratt et al, 2002) . In particular, the rate of anticipated cholinomimetic AEs, such as diarrhea and nausea, was less frequent than observed in studies with patients who received donepezil 10 mg/day for the treatment of AD dementia.
The FDA-NIMH-MATRICS guidelines have suggested that certain study design features may help to detect changes in cognitive impairment by isolating neurocognitive improvement from other clinical changes (Buchanan et al, 2005) . These suggestions include a randomized, double-blind design, a sufficiently large sample to detect changes in cognition, use of a comprehensive neurocognitive battery and a placebo comparator arm, and the restriction of enrollment to patients who are clinically and pharmacologically stable, with no more than moderately severe symptoms. Although this study was designed and initiated before the MATRICS guidelines and MATRICS Consensus Battery were established, the present study is consistent with these suggestions and represents a rigorous study of donepezil adjunctive therapy in a sample size of schizophrenic patients that is far larger than any study conducted to date.
The results of this study reinforce the findings of some of the previously reported double-blind, placebo-controlled trials in smaller samples, which suggested that adjunctive donepezil therapy does not significantly improve cognitive impairment in moderately ill patients with schizophrenia or schizoaffective disorder maintained on antipsychotic medication (Freudenreich et al, 2005; Friedman et al, 2002; Tugal et al, 2004; Fagerlund et al, 2007) . Whether this conclusion applies to other AChEIs remains to be demonstrated. Small-scale studies with rivastigmine have demonstrated either some (Lenzi et al, 2003; Mendelsohn et al, 2004) or no improvement (Aasen et al, 2005; Kumari et al, 2006) in cognitive function among schizophrenia patients, whereas two case reports have recorded improved cognition with galantamine adjuvant therapy (Bennouna et al, 2005; Bora et al, 2005) . Recent work with a-7 nicotinic agonists suggest that this mechanism may be more promising in improving cognition in patients with schizophrenia (Olincy et al, 2006) , which is supported clinically by the large percentage of patients with schizophrenia who smoke cigarettes (Hughes et al, 1986; Kelly and McCreadie, 1999) . These and various other strategies are currently underway to determine the best pharmacologic mechanisms for improving cognition in schizophrenia (Geyer and Tamminga, 2004) .
